Polychlorinated biphenyls (PCBs) are stable towards oxidation, hydrolysis and other chemical reactions which conceivably occur in the environment. Although there is little direct evidence available, it is generally assumed that PCBs, particularly those with a high chlorine content, are also quite resistant to metabolic change.
Over the past years photochemical degradation was shown to be a possible major route of environmental breakdown for a number of pesticides (1) (2) (3) (4) . Until relatively recently (5), however, simple chloroarornatic compounds have not received much attention. The limited interest of photochemists in compounds of this type can perhaps be explained by the commonly held view that there is generally little cleavage of the C-Cl bond in chloroaromatic compounds (6) .
We have previously shown (7) that 2,2',4,4', 6,6'-hexachlorobiphenyl, when irradiated at 3100 i in hexane, photolyzes rather readily to give products which are formed by loss of chlorine, rearrangement and condensation. We now wish to present a first report of our studies on the photochemical stability of a number of chlorobiphenyl isomers in hexane as well as on the breakdown of chlorobiphenyls under natural and simulated "natural conditions", with particular emphasis on polar products.
Considerable experience in laboratory irradiations of pesticides has accumulated (1, 3, 8) and an elaborate "weathering chamber", which also allows controlled irradiation, has been described * Issued as NRCC No. 12259. 
Experiments and Results
Stabilities of Chlorobiphenyls at 3100 A in Hexane Solution Time study of 2,2',5,5'-tetrachlorobiphenyl decomposition-2 ,2' ,5 ,5'-Tetrachlorobiphenyl (50 mg) in hexane (300 ml) was irradiated in the Rayonet reactor with N2 bubbling through the solution. 50 ml Aliquots were removed from the reaction vessel at 2, 4.5, 17, 41 and 89 h.
Good quantitative data could not be obtained for the 89 h sample, probably because much of the material had polymerized. Chromatograms observed after injecting equal amounts of these aliquots and using a flame ionization (F.I.) detector are shown in Fig. 1 . Percentages of starting material remaining after different irradiation times are also presented in Fig. 1 . These data were obtained by measuring the area under the peak with retention time identical to the starting material . (14) and photochemical lability, although chlorobiphenyls with high chlorine content seem to degrade more rapidly. Stability of Aroclor 1254-Aroclor 1254 (20 mg) in hexane (3 ml) was irradiated for 4 h at 3100 k in the presence of air. Examination of the irradiated mixture and standard Aroclor 1254 by glc shows gross differences with tendencies toward shorter retention times (Fig. 3) .
Irradiations in Sunlight; Under Simulated "Natural" Conditions and in Solvent Mixtures Containing Water Aroclor 1254 1; Aqueous di6xane suspension at pH 9-A suspension of Aroclor 1254 (2 g) in a mixture of dioxane (150 ml) and water (350 ml) containing sodium bicarbonate (0.5 g) was irradiated in the Rayonet reactor for 24 h with air bubbling through the mixture. After this period another portion of sodium bicarbonate (0.5 g) was added, and the irradiation continued further for 24 h. The mixture was worked up as shown in Scheme 1. Preliminary mass spectral data for the crude nonpolar fractions one, two and three indicated the. presence of only chlorobiphenyls since no ions containing oxygen corresponding to hydroxychlorobiphenyls or chlorodibenzofurans were detected. The mass spectrum of the crude CHLOROBIPHENYL EXPOSED TO "hydroxy" fraction, part of which is shown in Fig. 4 , indicated the presence of compounds formed by the addition of water to chlorobiphenyls. Hydroxy and carbonyl stretching frequencies in the infrared spectrum of the crude "carboxy" fraction ( Fig. 5) corresponding to 3 was detected) showed only the presence of chlorobiphenyls. A mass spectrum of the crude "hydroxy" fraction ( Fig. 6) showed ions which can be most easily explained as resulting from hydroxychlorobiphenyls. The ir spectrum of the crude "carboxy" fraction was almost identical to that from experiment I (Fig. 5) .
Irradiations of 2,2' ,5 ,5'-tetrachlorobiphenyl-Some information on the types of products formed from 2,2',5,5'-tetrachlorobiphenyl on irradiation under a variety of conditions is given in Table 2 . Samples were fractionated as START.
MAT. 
Discussion
The photolysis of chlorobiphenyls reveals a number of degradative reactions which occur on irradiation in sunlight and a number of laboratory conditions. In hexane, the most prominent reaction was the progressive reductive dechlorination of these compounds as well as formation of polymeric materials. Irradiation of Aroclor 1254 in hydroxylic solvents at pH 9 yields compounds corresponding to the addition of water to the PCB molecules and a more polar carboxylic acid fraction. The same sample irradiated as a thin film does not yield the water-addition products, but mass spectrometry reveals the presence of new hydroxylated species. This experiment also gives a more polar "carboxylic" fraction. Data for a number of different irradiations of 2,2',5,5'-tetrachlorobiphenyl indicate that dechlorination, formation of polymers, and carboxylic products as well as hydroxylation, does occur.
